Because biodiversity is increasingly threatened by habitat destruction and climate change, 2 conservation agencies face challenges associated with an uncertain future. In addition to changes 3 associated with climate and land use, parrots are threatened by hunting and capture for the pet 4 trade, making them the most at-risk order of birds in the world. Parrots provide key ecosystem 5 services, but remain understudied compared to other major bird orders despite their high 6 extinction risk and ecological importance. Species richness is often used to identify high priority 7 areas for conserving biodiversity. By definition, richness considers all species to be equally 8 different. However, ongoing research emphasizes the importance of incorporating ecological 9 functions (functional diversity) or evolutionary relationships (phylogenetic diversity) to more 1 0 fully understand patterns of biodiversity, suggesting that using functional and phylogenetic 1 1 information could improve conservation strategies. These distinctions among dimensions of 1 2 biodiversity are important, because (1) areas of high species richness do not always represent 1 3 areas of high functional or phylogenetic diversity, and (2) functional or phylogenetic diversity 1 4
INTRODUCTION 2 9
As we enter the early stages of the "Sixth Mass Extinction" (Ceballos et al. 2015) , We estimated functional diversity using two types of data: categorical (binary) and 1 1 1 mensural traits (Table 1) . For each data type, we used a suite of traits that reflect particular niche 1 1 2 axes and define functional components. Categorical traits included components of diet, foraging 1 1 3 7 strategy, and foraging location, whereas mensural traits comprise body size and range size. For 1 1 4 each categorical trait, a species received a "1" if it exhibited the characteristic and a "0" if it did 1 1 5 not. For each body size, we used the average value for each species based on measurements of 1 1 6 multiple adults, when available. We obtained trait data for all parrot species from the literature 1 1 7 (see Burgio et al. [2019] for more details) and range size data from Birdlife International (2015). We calculated phylogenetic diversity for each community using branch lengths found in a We created a grid in ArcMap v.10.3 (ESRI, Redlands, CA, USA), using the Cylindrical 1 2 4
Equal Area projection, with each grid cell measuring 50 x 50 km (hereafter "grid cell"). For each 1 2 5 grid cell (n = 21,078), we estimated species richness as the number of species with a range 1 2 6 overlapping the cell. We estimated phylogenetic and functional diversity for each cell using between all pairs of species, thereby reflecting multivariate dispersion. We obtained the average 1 2 9 phylogenetic or functional distances among species from pairwise dissimilarity matrices for the 1 3 0 phylogenetic and functional components, as well as separately for each of the six functional 1 3 1 categories. For the phylogenetic supertree, we populated a pairwise dissimilarity matrix via the 1 3 2 "cophenetic" function of the R package "ape" (v.3.5, Paradis et al. 2004 ). We used the Gower To allow meaningful comparisons among dimensions, we transformed each metric into 1 3 6 its effective number of species or Hill number (hereafter numbers equivalent). The numbers 1 3 7 equivalent is the number of maximally dissimilar species that is required to produce an empirical 1 3 8 value of a diversity metric (Jost 2006) . This transformation facilitates intuitive interpretation of Rao's Q for phylogenetic and functional diversity (all traits combined) with species richness. We 1 4 6 scaled each dimension of biodiversity to a range from 0 to 1 so that each would have equal species richness (S), functional diversity (FD), and phylogenetic diversity (PD) for a particular 1 5 0 grid cell (i):
As a consequence of the numbers equivalent transformation and scaling functions, IBI values 1 5 2 range from 0 to 3 and equally weight each dimension of diversity (i.e. a value of "0" would mean 1 5 3 low combined biodiversity while a value of "3" would be highest in combined biodiversity). Species richness of parrots is highest in the Amazon Basin of South America, along the 1 5 7 southeastern coast of Australia, and in the mountainous region of New Guinea (Fig. 1a ).
5 8
Functional diversity is highest in the dry Chaco of South America (Fig. 1b ). Our measure of 1 5 9
functional diversity represents multivariate dispersion, which is greatest for assemblages that 1 6 0 represent many functional types, but that have low redundancy in those functions. Dry Chaco 1 6 1 parrot assemblages have low species richness ( Fig. 1a ) and species that differ greatly from each Psittacidae, and the fact that cockatoos (Cacatuidae), which represent a deep split in the parrot 1 6 5 phylogeny (Fig. 2) , are endemic to Australia and Oceania. IBI is highest in Australia and New Guinea (Fig. 3) , and moderate in northern and central 1 6 7
South America. For example, in South America, species richness is highest in the Amazon Basin 1 6 8 ( Fig. 4a ), phylogenetic diversity is fairly evenly distributed throughout the continent (Fig. 4b ),
and functional diversity is highest in the dry Chaco (Fig. 4c ). Although IBI equally weights each 1 7 0 of the three dimensions ( Fig. 4d ), considerable spatial mismatches exist between hot spots of 1 7 1 species richness and IBI (Figs. 4e, S1). In general, most of Australia, the island of New Guinea, and to a lesser extent, the Neotropics score rather low (Fig. 2) in phylogenetic diversity compared to other regions because 1 8 3 only one subfamily (Arinae) is endemic there. However, functional diversity is highest in the 1 8 4
Chaco region of South America, likely because it is a harsh environment with low productivity; diversity generated using only species of parrots found in the Neotropics (i.e. the Arinae) likely 1 9 0 would identify different areas of continental conservation concern than those presented here The areas we identified as high priorities generally correspond with results from other (2000), who initiated the "hotspots" concept, and included a wide variety of taxa, also identified 1 9 5
Brazil's Cerrado and the southern expanse of the tropical Andes as areas of high priority; but did which coincide well the patterns of high IBI for parrots, though our results also emphasize Such an approach could identify areas within countries with increasing urbanization and 2 0 7 increasing per capita GDP, with relatively high levels of diversity, to allow early intervention, 2 0 8 before the effects of processes that lead to extinction (e.g. habitat loss and increased hunting) are 2 0 9
irreversible.
1 0
If a conservation agency were to decide that hotspots of species richness were sufficient 2 1 1 to set priorities for parrot conservation in South America, they would focus on the Amazon Basin 2 1 2 ( Fig. 4a) , largely ignoring the high degree of functional diversity in the dry Chaco, which has the 2 1 3
highest functional diversity of parrots in the world (Fig. 4c ). However, by incorporating multiple 2 1 4 aspects of biodiversity in the IBI, these aspects of biodiversity are weighted equally (Fig. 4d) , 2 1 5
allowing conservation agencies to make more informed decisions. Importantly, any particular 2 1 6 dimension of biodiversity can be emphasized (or de-emphasized) within the IBI framework 2 1 7 depending on the goals of a particular project. The mismatch between species richness and IBI 2 1 8 (Figs 4e, S1) illustrates the importance of all aspects of biodiversity, and the problems with 2 1 9
assumptions that protecting one dimension means that other dimensions are protected effectively. framework to understand the relative value of particular policy options before taking action. Although we do not explore extinction risk specifically, parrot species with larger ranges 2 2 5
generally are at less risk of extinction, whereas parrot species with larger bodies or that are more 2 2 6 dependent on forest may be at increased risk for extinction (Jones et al. 2006 , Olah et al. 2016 ).
7
Because these, and other traits, may be good indicators of extinction risk for parrots, it may be diversity in traits such as body size (Fig. S2) , location (Fig. S4 ), or range size (Fig. S6) , may be a 2 3 0 good first step in identifying assemblages that may be at greater risk for extinction. Critically, The network of conservation areas in France provides different levels of protection for parrot tree are given more weight when assessing conservation priorities. 
